Introduction
Doped electroluminescence (EL) cell has been extensively studied since the first report by Tang et al. [1] . By doping the emission layer with highly fluorescent molecules, EL efficiency was improved in comparison with that of the undoped cell. For example, high luminance was reported by doping tris(8-hydroxyquinoline) aluminum (Alq3) layer with 0.5 % quinacridone [2] . The emission layer of the doped EL cell is generally fabricated by vacuum-deposition of host and guest from the two organic material sources independently controlled by separate monitors. However, it is not always convenient to reproduce the ratio of guest to host molecule.
Emission layer is fabricated also by means of dip-coating a solution containing proper amounts of dye compounds and polymer onto an indium-tin-oxide (ITO)-coated glass substrate [3] . In this case, it is easy to reproduce the ratio of guest to host, however, the coating method is not always suitable for polycyclic heteroaromatic compounds such as quinacridone which have very low solubility to volatile organic solvents. In fact, we tried to fabricate the doped EL cell by means of dip-coating a dichloromethane solution containing saturated violanthrone (2), proper amounts of
(TPD) and poly (methyl methacrylate) onto an indium-tin-oxide (ITO)-coated glass substrate, however, only green emission of Alga was observed.
3,3'-Dibenzanthronyl (1) is known to suffer from thermal ring closure reaction to give violanthrone (2) quantitatively at 430 °C in an open vessel under ordinary atmospheric pressure or in vacuo [4] . We found a doped EL cell (figure 1) can be readily fabricated using the thermal reaction of (1) to give red emission of (2) . By changing deposition temperature of (1), the ring closure reaction was controlled. The novel doping method is simple, because layer of compound (1) doped with (2) will be formed by vacuum-deposition of a single material source of (1).
Method
Compound (1) was prepared by the condensation of benzanthrone with manganese dioxide in concentrated sulfuric acid [5] . Hole transport material, N,N'-diphenyl-N,N'-(3-methylphenyl)-1,1'-biphenyl-4,4'-diamine (TPD), was prepared according to the literature [6] . The EL cell (ITO TPD / (1) doped with (2) / Al) was fabricated by means of vacuum deposition. The organic layers were successively deposited onto an ITO-coated glass plate kept at room temperature under 1.0 X 10-3 Pa. The thickness of these layers was ca. 70 nm, respectively. Finally 200 nm of aluminum top electrode was deposited at the same vacuum pressure. Films for the measurement of photoluminescence (PL) spectra were fabricated onto an ITO-coated glass plate by heating (1) at 120 °C or at 180 °C under 1.0 X 10-3 Pa. PL spectra were obtained by exciting into (1) absorption peak at 412 nm. The PL and EL spectra were measured by means of a conventional fluorescence spectrophotometer (HITACHI F-3010). 
Results and Discussions
Photoluminescence Spectrum The PL spectrum of the film fabricated at 120 °C is shown in figure 2 . The maximum of PL spectrum of the film was observed at 508 nm. The peak of PL spectrum of (1) in chloroform was observed at 496 nm roughly coincided with the maximum of that of the film.
The PL spectrum of the film similarly fabricated at 180 °C is shown in figure 3 . The sub peak at 640 nm was observed together with the main peak at 508 nm. The peak of PL spectrum of (2) in chloroform was observed at 620 nm roughly coincided with the sub peaks of PL spectra of the films. These results suggest that intensity of peak of (2) will be controlled by changing deposition temperature of (1). [7] . The luminance was 23 cd/m2 at 10 mA/cm2. The EL spectrum of the cell is shown in figure 4 . The peaks of EL spectrum were observed at 520, 600 and 640 nm. The main peak of EL spectrum at 640 nm coincides with that of (2). The sub peak of EL spectrum at 520 nm roughly coincides with that of (1 ). The peak at 600 nm may be the feature of exciplex formation of (1) with TPD.
In summary, the novel doped EL cell (Figure 1 ) with a layer of (1) doped with (2) was obtained by thermal ring closure reaction of (1) in the vacuum deposition process.
